The three dimensional extensions of ordinary fuzzy sets such as intuitionistic fuzzy sets of type-2 (IFS2) or Pythagorean fuzzy sets (PFS), and neutrosophic sets (NS) aim at collecting experts' judgments more informatively and explicitly. In the literature, generalized three-dimensional spherical fuzzy sets have been introduced by Kutlu Gündoğdu and Kahraman [1] . In this paper, we develop and use spherical fuzzy TOPSIS and apply it to a hospital location selection problem.
Introduction
TOPSIS method was introduced by Hwang and Yoon [2] in order to determine the best alternative among a set of alternatives in terms of a set of predefined criteria. Hwang and Yoon [2] introduced the concept of ideal solution, which is defined as the nearest to the positive ideal solution (PIS) to maximize the benefit type of attributes and the farthest from the negative ideal solution (NIS) to minimize the cost type of attributes. TOPSIS have been extensively applied in various decision making fields.
After the presentation of ordinary fuzzy sets by Zadeh [3] , they have been very popular in almost all branches of science. Various researchers have developed several extensions of ordinary fuzzy sets. In recent years, several researchers have utilized these extensions in the solution of multi-criteria decision making problems. A classification of some recent representative publications with respect to the types of fuzzy extensions is as follows:
Type-2 fuzzy sets (T2FS): The concept of a type-2 fuzzy set was introduced by Zadeh [4] as an extension of the concept of an ordinary fuzzy set called a type-1 fuzzy set. Such sets are fuzzy sets whose membership grades themselves are type-1 fuzzy sets; they are very useful in circumstances where it is difficult to determine an exact membership function for a fuzzy set.
Intuitionistic fuzzy sets (IFS): Intuitionistic fuzzy sets introduced by Atanassov [5] enable defining both the membership and non-membership degrees of an element in a fuzzy set.
Hesitant fuzzy sets (HFS):
Hesitant fuzzy sets can be used as a functional tool allowing many potential degrees of membership of an element to a set. These fuzzy sets force the membership degree of an element to be possible values between zero and one [6] .
Pythagorean fuzzy sets (PFS):
Atanassov's intuitionistic fuzzy sets of second type (IFS2) have been renamed by Yager [7] as Pythagorean fuzzy sets (PFS). Hence PFS and IFS2 mean the same fuzzy sets thereafter. Atanassov's intuitionistic fuzzy sets of second type (IFS2) or Yager's Pythagorean fuzzy sets are characterized by a membership degree and a nonmembership degree satisfying the condition that the square sum of its membership degree and nonmembership degree is equal to or less than one, which is a generalization of Intuitionistic Fuzzy Sets (IFS).
Neutrosophic sets (NS):
Smarandache [8] developed neutrosophic logic and neutrosophic sets (NSs) as an extension of intuitionistic fuzzy sets. The neutrosophic set is defined as the set where each element of the universe has a degree of truthiness, indeterminacy and falsity.
Hospital location selection is a multicriteria decision making problem including several criteria that may be conflicting and dependent or independent. Hospital location selection is the application area of the developed SF-TOPSIS method in this paper.
The originality of the paper comes from its presentation of a novel SF-TOPSIS and the application of the proposed method to hospital location selection problem. The SF-TOPSIS enables decision makers to independently reflect their hesitancies in the decision process by using a linguistic evaluation scale based on spherical fuzzy sets.
The rest of this paper is organized as follows. Section 2 defines the hospital location selection problem. Section 3 summarizes the preliminaries spherical fuzzy sets. Spherical fuzzy TOPSIS is given in Section 4. Section 5 applies SF-TOPSIS method to a hospital location selection problem. Finally, the study is concluded in the last section.
Hospital Location Selection Problem
Hospitals should be safe and remain functional in emergencies and disasters. Proper selection of a hospital location has a direct effect on survival of affected population in disasters as well as cost and benefit of the hospital in non-emergency situation. To provide a chance for having equitable access to hospitals, a convenient location of establishing the service centers is of great importance.
Selecting a new hospital location is a serious decision for many urban planners and policy makers. In addition, this process is inherently complicated and time consuming. Furthermore, any fault in this decision may cause enormous cost. Decision makers have to evaluate and selecting the alternatives with respect to many quantitative and qualitative criteria under uncertainty. For these reasons, multi-criteria decision making (MCDM) under fuzzy environment is a good approach to improve precision of decision making and reduce waste of resources.
The criteria for a hospital location selection may be cost of land, land topography, building cost, population density, education level, economic conditions, proximity to transport, availability of infrastructure, and proximity to markets. With increasing demand on hospital beds, planning for expansion at a future date should always be kept in mind.
Wu et al. [9] present an analytic hierarchy process (AHP)-based evaluation model for hospital location selectin in Taiwan. The study adopts the modified Delphi method, the AHP and a sensitivity analysis to develop an evaluation method for selecting the optimal location of a regional hospital in Taiwan to determine its effectiveness. Vahidnia et al. [10] handle the specific problem of creating a welldistributed network of hospitals that delivers its services to the target population with minimal time, pollution and cost. They develop a Multi-Criteria Decision Analysis process that combines Geographical Information System (GIS) analysis with the Fuzzy Analytical Hierarchy Process (FAHP), and use this process to determine the optimum site for a new hospital in the Tehran urban area. Liu and Tsai [11] present location choices for foreign direct investments in new hospitals in China as a multi-criterion decision-making (MCDM) problem and develop a multidirectional relationship decision model combines the techniques of analytic network process (ANP) and technique for order performance based on similarity to the ideal solution (TOPSIS).
Spherical Fuzzy Sets
Intuitionistic and Pythagorean fuzzy membership functions are composed of membership and nonmembership parameters. Hesitancy parameters can be calculated by for IFS and
Neutrosophic membership functions are also defined by three parameters truthiness, falsity and indeterminacy, whose sum can be between 0 and 3, and the value of each is between 0 and 1 independently. In spherical fuzzy sets, while the squared sum of membership, non-membership and hesitancy parameters can be between 0 and 1, each of them can be defined between 0 and 1 independently to satisfy that their squared sum is at most equal to 1. Figure 1 illustrates the differences among IFS, PFS, NS and SFS.
Fig. 1. Geometric representations of IFS, PFS, NS and SFS
A spherical fuzzy set of the universe of discourse U is given by
where 
Spherical Fuzzy TOPSIS
A MCDM problem can be expressed as a decision matrix whose elements indicate the evaluation values of all alternatives with respect to each criterion under Spherical fuzzy environment. Let Step 1: Let DMs fill in the decision and criteria evaluation matrices using the linguistic terms given in Table 1 . Absolutely Low Importance (ALI) (0.1, 0.9, 0.1)
Step 2: Aggregate the judgments of each decision maker (DM) using Spherical Weighted Arithmetic Mean (SWAM) or Spherical Weighted Geometric Mean (SWGM) operators that are given in Eqs. (7) and (8).
Step 2.1: Aggregate the criteria weights.
Step 2.2: Construct aggregated spherical fuzzy decision matrix based on the opinions of decision makers. 
Denote the evaluation values of
Step 3: Construct the aggregated weighted spherical fuzzy decision matrix. After the weights of the criteria and the rating of the alternatives have been determined, the aggregated weighted spherical fuzzy decision matrix is constructed by utilizing Eq. (4) and then the aggregated weighted spherical fuzzy decision matrix can be defined as follows: 
Step 4: Defuzzify the aggregated weighted decision matrix by using Eq. (11). This operation is needed only for determining the SF positive and negative ideal solutions. Later, we continue with the SF numbers in the next steps. ,( , , ) , ,( , , ) ..... ,( , , ) n n n n
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Step 6: Calculate the distances between alternative i X and the SF-PIS as well as SF-NIS, respectively. Normalized Euclidean distance will be used for this step [11] .
For the SF-PIS:
Step 7: Calculate the classical closeness ratio given in Eq. (16) .
Step 8: Determine the optimal ranking order of the alternatives and identify the optimal alternative. We put the alternatives into orders with respect to the decreasing values of closeness ratio.
An Application
Our proposed methodology is implemented to a hospital location selection problem. Selection of hospital location decision criteria can vary depending on the number of qualitative and quantitative elements. For this goal, five locations (X1, X2, X3, X4, and X5) are assessed. Based on a comprehensive literature review, a variety of criteria has been determined. In this illustrative example, five of these criteria are employed: Installation Costs (C1), closeness to target area (C2), environmental factors (C3), demographic infrastructure (C4) and transportation opportunities (C5). In the evaluation process, three decision makers (DM1, DM2, and DM3) are included who are three experienced engineers in supply chain and logistics management. The weights of these decision makers who have different experience levels are 0.5, 0.3 and 0.2, respectively. Firstly, the judgments are gathered from decision makers as linguistic terms given in Table 2 with respect to the goal. All judgments are given in Table 2 . These judgments are aggregated using SWAM operator by considering the importance levels of decision makers. Decision matrices are obtained as in Table 3 . The importance weights of the criteria assigned by DMs and represented by linguistic terms. After the weights of the criteria and the rating of the alternatives have been determined, the aggregated weighted spherical fuzzy decision matrices are constructed by utilizing Eq. (4) as given in Table 5 . Based on Table 5 and Eq. (11), score function values are obtained as in Table 6 . The highest values represent PIS while the lowest values represent NIS. According to the best and worst scores, the corresponding Spherical Fuzzy Positive Ideal Solution (SF-PIS) and Spherical Fuzzy Negative Ideal Solution (SF-NIS) are given in Table  7 . In the next step, based on Eqs. (14) and (15) , we can calculate the distances between alternative i X and the SF-PIS as well as SF-NIS, respectively. Based on Eq. (16), closeness ratios are calculated and presented in Table 8 . The closeness ratios indicate that the best alternative is X1 and overall ranking is X1>X3>X5>X4>X2. DM1 C1  C2  C3  C4  C5 DM2 C1  C2  C3  C4  C5 DM3 C1  C2  C3 C4 C5   X1  AI SMI VHI SLI SMI X1  HI SMI VHI EI  HI  X1  EI  HI  HI HI SLI   X2 SLI VHI HI  EI VHI X2  SLI HI  HI  HI SLI  X2 VHI EI  EI EI EI   X3  EI VHI VHI HI VHI X3  SLI VHI HI  EI SLI  X3  HI VHI VHI HI HI   X4  HI SMI HI  EI SMI X4 SMI HI  LI  LI SMI X4 SMI HI  LI LI EI   X5  HI HI  LI SMI HI  X5  HI SMI HI SMI HI  X5  HI  EI  EI EI SMI   Table 3 
Conclusion
Spherical fuzzy sets are a new extension of ordinary fuzzy sets. They are based on the mixed idea of intuitionistic fuzzy sets of type 2 (Pythagorean fuzzy sets) and neutrosophic sets. Spherical fuzzy TOPSIS is also a new extension of classical TOPSIS method.
The proposed SF TOPSIS method has been applied to a hospital location selection problem.
For further research, we suggest interval valued SF TOPSIS method to be developed and be compared with single valued SF TOPSIS method. Alternatively, different integrated fuzzy multicriteria decision making methodologies [12] or fuzzy mathematical programming techniques [13] , or fuzzy statistical decision making approaches [14] , [15] can be used for hospital location selection by spherical fuzzy sets. SF-WASPAS [16] , SF-VIKOR [17] , or Interval-valued SF-TOPSIS [18] methods can be used for the comparative analyses of hospital location selection problem.
